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Obi ect  i ve 

To make a systematic experimental study o f  the  var ious parameters 

a f f e c t i n g  hydroplaning o f  a i r c r a f t  t i r e s ,  and t o  seek a q u a n t i t a t i v e  

theo re t i ca l  desc r ip t i on  o f  t he  hydroplaning phenomenon. 

Work Completed During t h e  Per iod 15 January through 15 A p r i l  1965 

Mod i f i ca t ion  o f  t he  Oavidson Laboratory r o l l i n g  road f a c i l i t y  i s  

I n  progress. 

t he  d r i v e  power t o  40 hp, ins tead o f  t he  25 hp o r i g i n i a l l y  contemplated , 
and a DC motor o f  t h i s  capaci ty  has been ordered from U . S .  government 

surp lus ( a t  no cost t o  the  cont rac t ) .  

c o n t r o l  system has a lso  been obtained f r o m  the  same source and i s  now 

being i n s t a l  led. 

As an added sa fe ty  factor, i t  has been decided t o  increase 
1 

A 50 kw motor generator set  for  i t s  

A 4- inch wide sample transparent b e l t  of ,06 i nch  t h i c k  o r ien ted  

ny lon  was i n s t a l l e d  on t h e  r o l l i n g  road for t r i a l  tests .  

t i o n s  i nd i ca ted  sa t i s fac to ry  performance except f o r  a tendency t o  osci  1 l a t e  

l a t e r a l l y .  Th is  tendency appears t o  be the  r e s u l t  o f  f a u l t y  alignment D f  

t he  b e l t ’ s  t ransverse j o i n t ,  and should be avoidable i n  t h e  f u l l - s i z e  b e l t  

if s u f f i c i e n t  care i s  taken i n  the a l i g n i n g  and j o i n t i n g  processes, 

F i r s t  observa- 

A wider sample o f  t h e h e l t i n g  mater ia l  was a lso  obtained, and 

photographs were taken through i t  t o  check. i t s  o p t i c a l  p roper t ies  and 

es tab l i sh  l i g h t i n g  requirements. 
and record ing of t he  t i r e  foo t  p r i n t  area should be feas ib le  w i t h  t he  

o r ien ted  ny lon b e l t .  

a re  shown i n  Fig. 1. 

These ind i ca ted  t h a t  v i sua l  observat ion 

Two representat ive photos taken through the  b e l t  



The t e s t  r i g  t o  be used t o  const ra in  t h e  model t i r e s  

road and t o  measure drag and torque i s  under construct ion.  

on t he  r o l l i n g  
It was decided 

t h a t  t h i s  device could be b u i l t  most economically us ing an e x i s t i n g  

a i r c r a f t  nose wheel assembly as the basic frame. A used assembly from 

a Grumnan A i r c r a f t  Engineering Corporation Mohawk a i r c r a f t  was donated 

t o  Davidson Laboratory by Grumnan f o r  t h i s  purpose. Instrumentat ion and 

-*hAr -- . C : - - * J - r r  _-- - . . - - r - C 1 . .  L-2,- 
ut.iiFt i d i  i i b a c i u i i s  0 1 5  but m c i t L l y  ucilcy ~ d d e d .  

A system f o r  apply ing the water f i l m  t o  t h e  r o l l i n g  road has been 
I t  i s  designed, components have been ordered, and assembly i s  underway. 

a ciosed system cons is t i ng  e s s e n t i a l l y  of a 37-1/2 cu. ft. capac i ty  reser-  

v o i r ,  a l5O-foot head c e n t r i f u g a l  pump w i t h  an i n t e g r a l  25 hp 1lOV AC 

power pack, a t u r b i n e  type l i q u i d  f low meter, ad jus t i ng  valves, and a 

d i ve rg ing  nozzle w i t h  v a r i a b l e  e x i t  area. 

d e l i v e r  f i l m s  up t o  0.1 i n .  t h i c k  a t  speeds up t o  90 ft/sec., and f i l m s  

up t o  0.5 i n .  t h i c k  a t  p r o p o r t i o n a l l y  lower speeds. For a geometric scale 

f a c t o r  o f  511 and a Froude number v e l o c i t y  sca l ing law, these correspond 

t o  0.5 in. thickness, 200 f t /ssc.  (approximately 120 knots) speed, and 2.5 

in. thickness, respect ive ly ,  a t  f u l l  scale. 

The system i s  designed t o  

Attempts t o  develop a technique f o r  measuring t i r e  foo t  p r i n t  ores- 

The method sure d i s t r i b u t i o n  on the  r o l l i n g  road have s u f f t r e d  a setback. 

which had been devised depended upon the use of m in ia tu re  transducers 

embedded i n  the  bel t .  

transducers w i t h  t h e  requi red proper t ies has temporwi  l y  suspended opera- 

t i o n s  because o f  some s o r t  o f  legal  dispute. E f f o r t s  are c u r r e n t l y  being 

made t o  circumvent t h i s  d i f f i c u l t y .  

Unfortunately, t he  on ly  known manufacturer o f  

A simple exploratory  experiment was conducted t o  study s t a t i c  prop- 

e r t i e s  of  one type o f  model t i r e  under consideration. A small e x i s t i n g  

t i r e  r i g  was modi f ied t o  accommodate v e r t i c a l  loadings from 0 t o  55 lbs. 

A 6- inch diameter, 0.8-inch wide, s o l i d  polyurethane t i r e  was loaded i n  

5-lb. increments and measurements were made of v e r t i c a l  d e f l e c t i o n  and 

contact  patch geometry a t  each load. The de f l ec t i on  measurements were 

made us ing a standard machin is t 's  height gage. 

recorded by p a i n t i n g  the t i r e  wi th i n k  and loading i t  on a whi te  sheet 

o f  paper. 

The contact area was 



Some i n t e r e s t i n g  r e s u l t s  of these t e s t s  are presented i n  F ig .  2, 

a p l o t  showing the v a r i a t i o n  of f o o t p r i n t  length w i t h  v e r t i c a l  d e f l e c t i o n .  

Superposed thereon i s  a l i n e  corresponding t o  the equation 

h/d = 0.85J(fi/d) - (5/d)2 , 

w h e r e  h f o o t p r i n t  ha i f - iengch,  d = diameter, end S = t i r e  d e t i e c t i o n ,  

which has been shown by Smiley and Horne’ to describe the behavior of  

representat ive a i r c r a f t  t i r e s .  The agreement o f  the data w i t h  the curve 

i s  qu i te  close, c loser  i n  f a c t  than a good deal of  the ac tua l  a i r c r a f t  

t i r e  data shown i n  Ref. 2.  T h i s  i s  i n d i c a t i v e  o f  a degree o f  geometrical 

s i m i l a r i t y  between the polyurethane model and f u l l - s c a l e  pneumatic t i r e s  

under v e r t i c a l  loading, a very heartening r e s u l t  since geometric s i m i l a r i t y  

i s  a cornerstone presupposi t ion i n  any straighforward scale model ing  scheme. 

Even given tha t  the polyurethane t i r e s  w i l l  deform i n  a p a t t e r n  

geometr ica l ly  s i m i l a r  t o  pneumatic a i r c r a f t  t i r e s  (and t h i s  i s  ye t  t o  be 

demonstrated under dynamic condi t ions) ,  i t  s t i l l  must be shown tha t  one 

can produce models w i t h  s p e c i f i c  des i red q u a l i t i e s ,  e .g. ,  a p a r t i c u l a r  

s t a t i c  loed-def lec t ion  curve. Figure 3 i s  a p l o t  of load vs. d e f l e c t i o n  

f o r  two d i f f e r e n t  6- inch diameter, 1-inch wide, rectangular cross-section 

polyurethane t i r e s ,  one w i t h  a bu lk  dens i ty  of 10 l b / f t  and the o ther  

18 l b / f t  . It i s  seen tha t  the v a r i a t i o n  o f  s t i f f n e s s  w i t h  dens i ty  i s  

subs tan t i a l ,  w i t h  sp r ing  rates o f  53 l b / i n  and 255 l b / i n ,  respec t ive ly .  

Again us ing a geometric scale fac to r  o f  5:1 and a A 3  force sca l ing  law, 

these correspond to 1325 l b / i n  and 6375 l b / i n ,  respec t ive ly ,  f o r  t i r e s  

30 inches i n  diameter and 5 Inches wide. Greater va r ia t i ons  i n  dens i ty ,  

and there fore  spr ing  ra te ,  are also poss ib le .  Thus i n  l i g h t  of the ex- 

p l o r a t o r y  tes ts  conducted to date, the use o f  the polyurethane t i r e  models 

appears promising from both p r a c t i c a l  and theo re t i ca l  po in ts  o f  view. 

3 
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Some t e n t a t i v e  dec is ions have been made regarding the s izes o f  

model t i r e s  t o  be tested. Diameters w i l l  range between l i m i t s  o f  4 inches 

end 10 inches, estab l ished p r i m a r i l y  on p r a c t i c  a1 grounds such as cher- 

a c t e r i s t i c s  o f  present apparatus, ease o f  handl ing,  e t c .  I t  i s  p r a c t i c a l  

cons iderat ions such as these which customar i ly  determine the choice o f  

3 



scale fac to r  i n  a model experiment, I n  the  present case, w i t h  the g i v m  

l i m i t s  and a scale r a t i o  o f  about 5, t he  s i z e  range o f  e x i s t i n g  a i r c r a f t  

t i r e s  i s  p r e t t y  w e l l  covered, and the speed requirements f o r  the  r o l l i n g  

road are reasonable. 

T i r e  diameter/width r a t i o s  o f  from 1.5 t o  4.5 are envisioned, 
7 

These amp!y enrmpsss the rsnge frund i n  present-day a i r c r a f t  t i r e s -  . 
T h e  f o l l ow ing  t a b l e  i s  one possible ma t r i x  o f  model t i r e s  s a t i s -  

f y i n g  the  cons t ra in ts  establ ished above. 

w i t h  diameter and diameter/width r a t i o  as paremeters. 

The tabulated quan t i t y  i s  width, 

The theo re t i ca l  analys is  o f  t he  i dea l i zed  dynamic hydroplaning 

system, i.e., t o t a l l y  p lan ing  r i g i d  body moving i n  shal low water a t  h igh 

Froude number, i s  cont inuing. The p a i r  o f  i n t e g r a l  equations descr ib ing 

t h i s  system has been reduced t o  a s ing le  Fredholm i n t e g r a l  equation. 

equat ion can be solved for  t h e  pressure d i s t r i b u t i o n s  on the  bottom (ground) 

and on the  p l a t e  ( t i r e )  by app l i ca t i on  o f  known i t e r a t i o n  techniques. 

numerical so lu t i on  i s  now being programed i n  FOgTRANj simultaneously, 

however, an ana ly t i ca l  procedure i s  being developed on t h e  basis o f  a low 

aspect r a t i o  assumption t o  ob ta in  a s o l u t i o n  of t he  i n t e g r a l  equation i n  
a c losed a n a l y t i c  form. 

This 

The 

On March 24, 1965, a team of DL personnel v i s i t e d  t h e  NASA Research 

Center a t  Langley F ie ld ,  Va., t o  discuss t h i s  program w i th  Messrs, U.T. 

Joynec and 4.B. Horne o f  NASA. 
rewarding. 

t i o n s  prov ided a va luable appreciat ion of the  p r a c t i c a l  problems involved 

i n  t h i s  f i e l d .  

The discussions proved t o  be extremely 
I n  addi t ion,  the close-up observation of some Langley opera- 
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On A p r i l  13, 1965, a l e t t e r 4  was w r i t t e n  t o  the  NASA Off ice of 

Grants and Research t o  c a l l  a t t e n t i o n  t o  a discrepancy between t h e  

contract5 fo r  t h i s  study and the  proposal' from which i t  stemmed. 

was requested t h a t  a contract  amendment o r  some other document be issued 

t o  c l a r i f y  t he  discrepancy. 

I t  

Pians f o r  Next Quarter 

Mod i f i ca t i on  o f  t he  r o l l i n g  road w i  1 1  continue, The i n s t a l  l a t i o n  

o f  t he  new power supply and d r i v e  system w i  11 be completed, 

wide, .060" thick, o r i en ted  nylon transparent belt w i l l  be obtained and 
i n s t a l l e d .  

cut  out and replaced w i t h  plexi-glass,  and a m i r r o r  system w i l l  be i n -  

s t a l l e d ,  t o  permit v i s u a l  observation and photography o f  t h e  t i r e  f o o t -  

p r i n t  area. Construction of t he  tire r i g  arid water f i l m  system w i l l  be 

completed. I t  i s  hoped t h a t  a l l  modi f icat ions t o  the  r o l l i n g  road w i l l  

be f i n i shed  i n  t h i s  quarter,  and that  t he  t e s t  work w i l l  be under way. 

A 36-inch 

A sect ion o f  the r o l l i n g  road's t e f l o n  support t a b l e  w i l l  be 

Exploratory t e s t i n g  o f  t he  model t i r e s  w i l l  continue. S t a t i c  t e s t s  

w i l l  be made on polyurethane t i r e s  which are exact sca le models o f  a 57x20 

t i r e  f o r  which data are presented i n  Ref, 2. This  w i l l  permit d i r e c t  com- 
parisons and, hopeful ly,  t he  development o f  a r e l a t i o n s h i p  between pneumatic 

t i r e  i n f l a t i o n  pressure and polyurethane t i r e  density.  
also be made w i t h  commercial pneumatic and semi-pneumatic t i r e s .  

S t a t i c  t e s t s  w i l l  

A f ter  t he  s t a t i c  t e s t s  a re  completed, the e x i s t i n g  small t i r e  r i g  

w i  11 be i n s t a l l e d  on t he  r o l  l i n g  road, and exploratory  dynamic t e s t s  w i  11 

be run w i t h  polyurethane model t i r e s .  I f  the  s t a t i c  t e s t s  w i t h  t h e  semi- 

pneumatic t i r e s  are encouraging, dynamic t e s t s  w i l l  be run w i t h  these also. 

The programming o f  the numerical procedure for t h e  solution o f  the 

Fredholm surface i n t e g r a l  equation w i l l  continue. 

s o l u t i o n  o f  the  problem w i  1 1  be pursued end numericat ca l cu la t i ons  f o r  

a given set o f  parameters w i l l  be conducted and r e s u l t s  w i l l  be compared 

w i t h  those of measurements. 

The low aspect r a t i o  
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An i nqu i r y  was made of NASA as to the p o s s i b l i t y  o f  us ing one 

of NASA's IBM 7090 o r  7094 computers tomake the numerical ca l cu la t i ons .  

No rep l y  has been received t o  date, however, so t en ta t i ve  plans are being 

made to  ren t  machine t i m e  from a commercial f i r m  in the v i c i n i t y  of  Stevens. 
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a. T i r e  A p p r o x i m a t e l y  1/811 Away From Nylon  Belt 

.. .. . 

b. T i r e  i n  C o n t a c t  W i t h  Nylon Belt 

F I G .  1 P h o t o g r a D h s  of Model Tire Taken Throuqh O r i e n t e d  Nylon  Belt 
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